Stilbenes are a group of chemicals characterized with the presence of 1,2-diphenylethylene. Previously, 28 our group has demonstrated that synthesized (E)-N-(2-(3, 5-dimethoxystyryl) phenyl) furan-2-29 carboxamide (BK3C231) possesses potential chemopreventive activity specifically inducing 30 NAD(P)H:quinone oxidoreductase 1 (NQO1) protein expression and activity. In this study, the 31 cytoprotective effects of BK3C231 on cellular DNA and mitochondria were investigated in normal 32 human colon fibroblast, CCD-18Co cells. The cells were pretreated with BK3C231 prior to exposure 33 to the carcinogen 4-nitroquinoline 1-oxide (4NQO). BK3C231 was able to inhibit 4NQO-induced 34 cytotoxicity. Cells treated with 4NQO alone caused high level of DNA and mitochondrial damages.
3 49 1. Introduction 50 Cancer-related mortality has tremendously increased and is expected to further increase despite 51 emerging medical improvements [1] . The global cancer burden is estimated to have risen in 2018 with 7 145 Aldrich, St. Louis, MO, USA). The mixture was then pipetted onto the hardened 0.6% w/v NMA 146 (Sigma-Aldrich, St. Louis, MO, USA) as the first layer gel on the slide. Cover slips were placed to 147 spread the mixture and slides were left on ice for LMA to solidify. Following removal of the cover 148 slips, the embedded cells were lysed in a lysis buffer containing 2.5M NaCl (Merck Milipore, 149 Burlington, MA, USA), 1 mM Na 2 EDTA (Sigma-Aldrich, St. Louis, MO, USA), 10 mM Tris (Bio-150 Rad, Hercules, CA, USA) and 1% Triton X-100 (Sigma-Aldrich, St. Louis, MO, USA) overnight at 151 4 º C. After lysis, the slides were soaked in electrophoresis buffer solution for 20 minutes for DNA 152 unwinding before electrophoresis at 300 mA, 25V for 20 minutes. Subsequently, the slides were rinsed 153 with neutralising buffer for 5 minutes and stained with 30 μL of 50 μg/mL ethidium bromide (EtBr, 154 Sigma-Aldrich, St. Louis, MO, USA) solution. Slides were left overnight at 4 • C before analyzing with 155 Olympus BX51 fluorescence microscope (Tokyo, Japan) equipped with 590 nm filter. DNA damage 156 scoring was performed on 50 cells per slide whereby tail moment representing the product of tail length 157 and fraction of total DNA in tail was quantified using Comet Score TM software (TriTek Corp, 158 Sumerduck, VA, USA). 159 160 2.5 Cytokinesis-block micronucleus (CBMN) assay 161 Seeded cells (5 x 10 4 cells/mL) in 6-well plate were pretreated with BK3C231 at 6.25 μM, 12.5 μM, 162 25 μM and 50 μM for 2 hours prior to 4NQO treatment at 1 μM for 2 hours. After incubation, cells 163 were treated with 4.5 μg/mL Cytochalasin B (Sigma-Aldrich, St. Louis, MO, USA) for 24 hours to 164 block cytokinesis. The cells were then harvested and centrifuged (450 x g/5 minutes at 4 • C). The The seeded cells (5 x 10 4 cells/mL) were pre-stained with 1 μL Orange NO probe (BD Biosciences, 192 San Jose, CA, USA) per 500 μL cell suspension for 30 minutes. The cells were then pretreated with 193 BK3C231 at 50 μM for 2 hours, 4 hours, 6 hours, 12 hours and 24 hours prior to 4NQO treatment at 1 9 194 μM for 1 hour. The stained and treated cells were centrifuged (450 x g/5 minutes at 4 • C) and pellet was The seeded cells were incubated under 5% CO 2 at 37ºC for 24 hours. The cells were then pretreated 202 with BK3C231 at 50 μM for 2 hours, 4 hours, 6 hours, 12 hours and 24 hours prior to 4NQO treatment The non-cytotoxic concentrations of BK3C231 and 4NQO were determined using MTT cytotoxicity 236 assay. BK3C231 did not show evidence of cytotoxicity up to 50 µM treatment, however an IC 50 value 237 of 99 µM was observed (Fig 2A) . Therefore a series of BK3C231 concentrations ranging from 6.25 238 µM till 50 µM was used for subsequent experiments. On the other hand, 4NQO treatment exerted no 239 cytotoxicity at 1 hour. However, reduction in cell viability was significant with IC 50 values observed 240 starting from 2 hours till 24 hours ( Fig 2B) . Hence, 4NQO concentration at 1 µM was selected to induce 241 genotoxicity and mitochondrial toxicity in subsequent experiments as used by previous studies as well 11 242 [37, 38] . Interestingly, in comparison to 4NQO-treated cells whereby cell viability greatly reduced 243 especially at higher concentrations, BK3C231 was able to suppress 4NQO-induced cytotoxicity by 244 increasing cell viability up to 8-fold with no IC 50 value observed ( Fig 2C) . ). There was also a decrease in comet tail in cells pretreated with BK3C231 when compared with 261 that of cells treated only with 4NQO ( Fig 3B) . This was further confirmed by quantification of tail 262 moments obtained from comet scoring. Tail moment increased significantly up to 48-fold in 4NQO-263 treated cells at 28.79 ± 1.02 (p<0.05) over control and BK3C231-treated cells ranging from 0.59 ± 0.11 264 to 0.68 ± 0.06 ( Fig 4A) . On the other hand, BK3C231 pretreatment showed a 0.8-fold decrease of 265 4NQO-induced DNA strand breaks in a concentration-dependent manner, significantly at 50 µM with 266 a tail moment value of 7.21 ± 0.34 (p<0.05) ( Fig 4B) . formation in a concentration-dependent manner, significantly at 25 µM with a frequency level of 6.58 290 ± 0.52 and 50 µM with a frequency level of 3.80 ± 0.47 (p<0.05) ( Fig 5B) . In addition, the NDI values 291 measured in control, 4NQO-treated cells and BK3C231-treated cells were 1.78 ± 0.01, 1.68 ± 0.03 and 13 292 1.79 ± 0.01 respectively. As for cells pretreated with BK3C231 prior to 4NQO induction, the average 293 NDI value measured was 1.72 ± 0.01 (data not shown). All NDI values obtained in this assay indicated (Fig 7) . (Fig 9A,B) . In addition to that, antioxidant GSH level 355 was assessed using Ellman's reagent. 4NQO-treated cells showed a reduced GSH level at 194.70 ± 356 23.83 nmol/mg as compared to untreated control cells at 245.96 ± 12.44 nmol/mg ( Fig 9C) . Overall, 357 the simultaneous increase in NO level and decrease in GSH level by 4NQO further confirmed the 358 involvement of nitrosative stress in 4NQO-induced DNA and mitochondrial damages. However, no 359 induction of GSH level was observed in cells pretreated with BK3C231 for 2 hours, 4 hours, 6 hours 360 and 12 hours. BK3C231 was only able to significantly increase GSH level, 313.97 ± 27.83 nmol/mg 361 (p<0.05) at 24 hours of pretreatment as compared to that of 4NQO-treated cells (Fig 9C) . This 362 suggested that BK3C231 inhibited 4NQO-induced nitrosative stress through early reduction of NO 363 production and late induction of GSH level in CCD-18Co cells. fibroblast by 4NQO using the same treatment concentration and timepoint. The discrepancy is likely 401 due to the difference in the origin of fibroblast used. Hence, our study is the first to elucidate such 402 findings on 4NQO mechanism which has never been shown in other studies thus far.
403
In addition, our study demonstrated an increased NO level and a depleted GSH level by 4NQO.
404
This is possibly due to formation of 4NQO-GSH conjugates leading to generation of nitrite, a stable 405 end product of NO, which inactivated γ-glutamylcysteine synthase and therefore suppressed 406 intracellular synthesis of GSH [37,54-56]. Our data was also in agreement with previous studies that 407 NO could be the main culprit in 4NQO-induced DNA and mitochondrial damages in CCD-18Co cells 408 as NO has been demonstrated to induce genotoxicity and damage to mitochondria via multiple 409 mechanisms directly or indirectly [57, 58] . NO also plays an important role in tumour biology and More importantly, BK3C231 was shown in our study to protect against 4NQO-induced DNA 414 and mitochondrial damages by decreasing DNA strand breaks and micronucleus formation as well as 415 reducing loss of mitochondrial membrane potential (ΔΨm) and cardiolipin. Our study further revealed 416 that BK3C231 exerted these cytoprotective effects in CCD-18Co cells by suppressing 4NQO-induced 417 nitrosative stress through reduction in NO level and late upregulation of GSH level. The role of stilbene 418 derivatives as potential antioxidants has been a conventional fact proven by many studies such as 419 resveratrol, a well-known stilbenoid, attenuated nitrosative stress in small intestine of rats [62] . 420 Piceatannol and isorhapontigenin, which are natural occurring stilbenes, have also been demonstrated 421 to scavenge NO and nitrogen dioxide (NO 2 ) radicals as well as increasing GSH/GSSG ratio [63, 64] . thus leading to protection against cancer [65] . Therefore, our study warrants further investigation on 433 the role of BK3C231 in the Keap1-Nrf2 pathway. 
Conclusion

439
In conclusion, this study has provided a better insight into 4NQO-induced carcinogenicity in CCD-440 18Co cells. Our findings also served as a stepping stone for further elucidation of BK3C231 441 chemopreventive potential against both genetic and epigenetic bases of cancer development. Through 442 these findings, we aim to design BK3C231 as an ideal chemopreventive agent in hopes of reducing the 443 gap between understanding molecular mechanism occurring in cancer carcinogenesis and instigating 444 successful adoption of chemoprevention. 
